Multicellular eukaryotes respond to diverse internal and external stimuli throughout their life cycle, undergoing major morphogenetic transitions and exhibiting various physiological adaptations. Changes are usually brought about in an orderly fashion, underlined by dynamically regulated spatiotemporal patterns of gene expression. The stable transmission of such patterns through mitotic cell divisions is mediated by the Polycomb group (PcG) proteins, which are conserved developmental regulators that form multipartite complexes and act on chromatin. The Polycomb repressive complex 2 (PRC2) modifies chromatin by catalyzing trimethylation of lysine 27 on histone H3 (H3K27me3), a mark required for transcriptional repression by PcG. Despite the significant advances in our understanding of gene silencing by PcG complexes [1] , several pressing questions remain. One poorly understood aspect, for example, is that of epigenetic memory, whereby specific marks are maintained and transcriptional states are propagated through consecutive cell cycles. At DNA replication sites, nascent chromatin assembly relies on a random assortment of parental nucleosomes between daughter strands and incorporation of de novo synthesised unmodified histones [2] . Consequently, how specific chromatin states are reinstated has long been an enigma. Two recent reports in Science, Yang et al. [3] and Jiang and Berger [4] , illuminate the picture by investigating the vernalization response of Arabidopsis thaliana and demonstrate that the PcG-mediated gene silencing is established in two mechanistically distinct phases (nucleation and propagation) where the incorporation of histone variants and possibly DNA replication play crucial roles.
Vernalization is the sequence of events that promote flowering in response to (and in 'memory' of) prolonged cold exposure during winter. In Arabidopsis, the epigenetic silencing of the floral repressor gene Flowering Locus C (FLC) is a well characterised key event of vernalization. This perception and memory of winter has a quantitative element, because the duration of cold exposure is quantitatively associated with the level of stable FLC silencing achieved during the following period of warmth [5] . Strikingly, this memory is digital, with individual cells adopting alternative 'ON' or 'OFF' FLC expression states, and the quantitative nature is a direct consequence of the total number of cells with the 'OFF' state [6, 7] . PRC2-mediated H3K27me3 enrichment over a tightly localised nucleation region within the FLC locus during the cold period is a prerequisite first step for switching between the alternative epigenetic states [8] . Furthermore, a specific cis element located in the nucleation region was shown to be crucial for the recruitment of the PcG machinery, which is assisted in trans by the binding of the transcriptional repressor VIVIPAROUS1/ABI3-LIKE factor 1 (VAL1) [9, 10] . For effective longterm repression of FLC expression, which, notably, is not maintained in mitotically quiescent cells, a second step of spreading the silencing mark over the entire locus after the cold treatment is essential [11] .
To decipher the mechanistic details behind the sequence of events involved in PcG-mediated silencing, Yang et al. employed a set of mutants with impaired PRC2 functionality. Importantly, they were able to demonstrate that nucleation and spreading are genetically and mechanistically separable. Nucleation alone is sufficient for maintaining a metastable epigenetic memory of FLC repression, in which cold-induced silencing persists for a brief period upon return to warmth, before being stochastically reset. Nonetheless, this metastability lasts longer than what simple models predict, describing random segregation of H3K27me3-marked nucleosomes to daughter strands at replication. Insofar as the nucleation region is short and only spans three nucleosomes, approximately 1/8 of the daughter strands would not inherit parental nucleosomes. This would lead to rapid FLC reactivation, inconsistently with the observed timescales. Therefore, histone marks may not be the only heritable component of PcG silencing. Stable memory, on the other hand, necessitates extending the H3K27me3 mark throughout the FLC locus, and occurs typically when cell divisions and growth are restimulated upon return to warm conditions. Intriguingly, pharmacological inhibition of cell division by roscovitine, which arrests the cell cycle at both the G1/S and the G2/M transitions [12] , implied that DNA replication might be involved in the spread of H3K27me3 observed in wildtype plants, as well as in resetting the metastable epigenetic silencing of mutants with nucleation region-confined H3K27me3.
The connection between PcGmediated silencing and DNA replication was the focus of the study by Jiang and Berger. By synchronising the cell cycle of tobacco BY-2 cells, they were able to show that restoration of H3K27me3 levels starts shortly after S phase and is completed before transition to mitosis (M phase). A combination of in vitro pull down, co-immunoprecipitation and colocalization experiments led to the conclusion that components of the PcG machinery interact with the Chromatin Assembly Factor (CAF1) at DNA replication sites. Histone H3 has two variants, H3.1, which is specifically expressed during S phase, and H3.3, which is typically incorporated during transcription. CAF1 is known to deposit the H3.1 histone variant to the replication fork [13] ; hence, Jiang and Berger produced h3.1 knockdown lines for further investigation. Those plants exhibited compromised H3K27me3 deposition and corresponding changes in gene expression patterns, which the presence of H3.3 did not alleviate but could be rescued by H3.1 transgenes. Only four amino acids distinguish the two variants, one of which (A31) determines the specific recognition of H3.1 as the substrate for the plant-specific H3K27 monomethyltransferases ARABIDOPSIS TRITHORAX-RELATED PROTEINS 5 and 6 (ATXR5 and ATXR6). Surprisingly, A31T mutant forms of H3.1 could not rescue the H3K27me3 deposition defects in the h3.1 knockdown lines. As ATXR5/6 have also been reported to be associated with the replication fork [14] , the authors proposed that replication-coupled selective K27 monomethylation of H3.1 provides the necessary substrate for rapid H3K27me3 restoration by PRC2. Indeed, treatments with the chemical inhibitors roscovitine and olomoucine, which both target the same cell cycle phases, confirmed that spread of H3K27me3 and stability of silencing requires dividing cells. Interestingly, H3.1 knockdown affected H3K27me3 deposition at the nucleation region much less than its spread, suggesting that H3.3 variants may be important here. Finally, when the differential role of the H3.1 and H3.3 histone variants was examined with regard to FLC epigenetic silencing, data Winter is coming are also important for nucleation [3] . Right, following return to warmth, growth and cell divisions resume. Stable FLC silencing is achieved by spreading the H3K27me3 mark in a replication-dependent fashion. Parental histones are randomly assorted between daughter strands and retain H3K27me3 whereas newly incorporated nucleosomes carry the H3.1 histone variant; their deposition is mediated by the replication fork-associated protein CAF1, which interacts with ATXR5/6 and leads to K27 monomethylation [4] . H3K27me1, in turn, is a substrate for successive methylations by PRC2 complexes to generate H3K27me3. PRC2 is brought into play by means of its interaction with CAF1 [4] , or through the chromodomain protein LIKE HETEROCHROMATIN PROTEIN 1 (LHP1), which binds H3K27me3 and is needed for its spread over FLC [3] . Additionally, the methyltransferase activity of PRC2 is stimulated by its binding H3K27me3, which may promote spread of methylation to adjacent nucleosomes. VRN5 itself may provide a heritable mark [3] , but precise mechanisms of its recruitment
are not yet clear.
suggested that, during vernalization, H3.3 occupancy at FLC chromatin decreases whereas H3.1 deposition during DNA replication facilitates establishment of H3K27me3.
The currently emerging picture (Figure 1) , therefore, is that PcG silencing is initiated with recruitment to specific sites by a variety of mechanisms, including interaction with sequencespecific DNA binding factors such as VAL1 at cis-acting nucleation regions, often termed Polycomb response elements (PREs). However, as many of the recruiting factors are generally expressed, these PREs are necessary but not sufficient for recruitment, which may also depend on cis-acting factors such as the local chromatin state. Regardless, recruitment leads to local H3K27me3 deposition, presumably not replication or H3.1-coupled, and potentially the accumulation of other heritable marks such as PcG proteins themselves. During replication, the initiation region promotes the local recruitment of PRC2 to the fork, either through the propensity of PcG proteins to self-interact and/or because the PRC2 binds H3K27me3. This restores the mark through replication and potentially spreads it, as PRC2 activity is stimulated by H3K27me3 [15] . The importance of H3K27 monomethylation by ATXR5/6 is surprising, given that PRC2 itself can catalyse this reaction in vitro [14] . It will be important to show that ATXR5/6 localise to euchromatin (where H3K27me3 is found) and not just to heterochromatin, where H3K27me1 is most abundant. It is also striking that global H3K27me1 levels do not decline during DNA synthesis in synchronized BY2 cells, presumably because the mark is immediately reinstated as the replication fork passes, whereas global H3K27me3 levels drop for several hours. Further investigation of timing and kinetics, therefore, may be rewarding. Inheritance of PcG silencing in plants may differ from that in animals in its rapid, replication-coupled restoration. An important and perhaps surprising recent finding in animals was that even after silencing has been established, the PRE is still required after every cell division [16, 17] . It will be interesting to test whether removal of the nucleation region, after H3K27me3 has spread over FLC, would also compromise silencing.
On a different note, nothing is as yet known regarding the negative feedback signals that presumably operate in order to prevent indefinite propagation. And last but not least, both studies reheat an ongoing discussion about the role of DNA replication in transmitting epigenetic information. Restoration of H3K27me3 in plants, early in the G2 phase, appears to be much quicker than in mammals [18, 19] . Recent work on embryonic stem cells suggests that the delay in animals may actually be critical for development, as it allows for the recruitment of lineage-specific transcription factors [20] . Considering the differences in plant and animal development, it is important to address in greater detail the temporal dynamics of the replication-coupled H3K27me3 deposition in plant cells, unravel the developmental significance, if any, of the rapid restoration that plants specifically have evolved, and integrate this knowledge with contemporary advanced models.
